Abstract-
I. INTRODUCTION
Magnesium alloy is getting the attention because it is the lightest weight structural material. Forgings has some properties such as the high toughness and the high productivity. However, the forgings of magnesium alloy is hardly reported [1] - [5] . The elongation at room temperature of magnesium is smaller than that of aluminum or steel because magnesium has hexagonal close-packed structure which slip plane is almost limited to basal plane. The production of magnesium alloy is generally by casting. Therefore the demand of wrought magnesium alloy is little. The examples of wrought magnesium alloy are AZ31, AZ61 and AZ80. Magnesium-aluminum alloy indicates maximum elongation when the composition includes 3% aluminum.
When the magnesium alloy includes over 3% aluminum, its elongation slightly decreases. Therefore, AZ31 that include 3% aluminum and 1% zinc is generally used for plastic forming. The more increasing aluminum composition, the larger 0.2% proof stress becomes. However its forgeability is decreasing because of precipitation of β phase such as Mg17Al12. It is supposed that the β phase is refined by rapid cooling casting process such as twin roll casting. In this paper, the magnesium alloy thick sheet of AZ91, AZ121 and AZ131 for hot forging, that include 9%, 12% and 13% aluminum composition respectively, was produced by different diameter twin roll strip casting process. And the forgeability of high aluminum containing magnesium alloy was investigated by die forging. Fig.1 shows the photograph of different diagram twin roll strip caster. Three kind of magnesium alloy, AZ91 (Mg9Al-1Zn), AZ121 (Mg-12Al-1Zn) and AZ131 (Mg-13Al-1Zn), were casted by this experimental device. The target thickness of cast strip is over 14.5 mm. Both roll materials are copper. Upper roll diagram is 300 mm. Lower roll diagram is 1000 mm. Both roll width is 100 mm. Upper roll solidification length is 100 mm. Lower roll solidification is 350 mm. Roll speed is 2 m/min. Fig.2 and Fig.3 show the AZ131 cast strip. The length of cast strip was over 1 m. And the thickness was over 20 mm. It was possible to cast the other magnesium alloy strips. Fig.4 shows the servo press machine (SDE1522, AMADA MACHINE TOOLS CO.,LTD.) for hot forging. The maximum pressure loading of this machine is 1500 kN. Stroke length is 225 mm. Generally, in hot forging, the blank forging material is forged soon after taking from heating furnace. In this study, hot forging was operated with the heating die by inserted the cartridge heater to control the forging temperature. 350℃. The die temperature was controlled by PID control and coolant water. The forging blank was kept to be 350℃ before forging in the heating die. The forging blank was cut by wire electrical discharge machine. Outer diameter of blank is 50 mm. The thickness was 14.5 mm. The strip was cutting by a lathe to make the blank with the thickness 14.5 mm from 20 mm. Fig.6 shows the design of forging die. This die shape was the simulated scroll for the car air conditioner compressor. The maximum scroll wall thickness was 5 mm, and the minimum wall thickness was 2 mm. The wall thickness was slightly changed from center to outer. The designed value of wall height was 25 mm. Table 1 shows the experimental conditions. Press length was 9.5 mm. Forging temperature was 350 ℃. Forging was operated after measuring temperature of die. Forging motion was selected as constant speed motion. Punch speed was 10 mm/sec. Lubricant was used. The lubricant was applied to forging blank by brush before setting into the die. Keeping time in the die was 2 min. The
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[ Fig.7 shows the photographs of forged magnesium alloy. The notable difference for the forged shape was not observed. In addition, forged scroll height had not difference. However, the cracks was observed on the surface of forged AZ131, white circle shown in Fig.7 . Tensile stress was occurred to the direction of radial and circumferential on the surface of top of scroll wall, so that the stress was biaxial tensile stress. It was supposed that the crack was caused by biaxial tensile stress because of the poor formability of magnesium alloy. And it was supposed that the crack was caused not only at final stage of forming but also at the stage of forming the scroll wall. The crack was might cause at the maximum forging load (press length 1.7 mm). Because the surface enlargement of the scroll tips was not changed during forging, thus the tensile stress on the surface of tip was not increase rapidly. It was possible to forge the thick strip of AZ91, AZ121 and AZ131 magnesium alloy produce by the different diagram twin roll caster. It is needed to research the forging condition to prevent the crack. Fig.8 shows the relationship between the forging force, punch position and time of AZ91. Forging started at the punch position 9.5 mm. The maximum load 469 kN was observed at press length 2.1 mm (punch position 7.4 mm). After peak load, the forging load was downed to finish forging. Forging force was almost constant after press length 5.2 mm (punch position 4.3 mm). Forging load might be rapidly increased after completely filling in the die. This forging was not filled completely, thus the forging load was not increased after press length 2.1 mm. Fig.9 shows the relationship between the relationship between the forging force, punch position and time of AZ121. Fig.10 shows the relationship between the relationship between the forging force, punch position and time of AZ131. The maximum forging load of AZ121 was 431 kN, and the that one of AZ131 was 448 kN. The notable difference of maximum forging load was not observed about each amount of aluminum content. It was supposed that the variation of forging load was caused by coating technique of the lubricant. V. CONCLUSION The magnesium alloy thick sheet of AZ91, AZ121 and AZ131 for hot forging, that include 9%, 12% and 13% aluminum composition respectively, was produced by different diameter twin roll strip casting process. And the forgeability of high aluminum containing magnesium alloy was investigated by die forging. It was possible to produce the magnesium alloy strip with over 20 mm thickness by different diagram twin roll strip caster. It was possible to forge the thick strip of AZ91, AZ121 and AZ131 magnesium alloy produce by the different diagram twin roll caster. The notable difference for the forged shape was not observed. The cracks was only observed on the surface of forged AZ131. The notable difference of maximum forging load was not observed about each amount of aluminum content.
10
IV. RESULTS AND DISCUSSIONS
International Journal of Advanced Engineering, Management and Science (IJAEMS)
[
